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ABSTRACT. We present results of our preliminary research on species diversity, dominance structure, and 
phenology of bees (Apiformes) in the Drawa National Park (NW Poland). In total, 118 species of Apifor- 
mes were recorded there, which accounted for 25.5% of the Polish bee fauna. The park is dominated by 
woodland, so major species are Bombus lucorum (23.6%) and Andrena lapponica (8.8%). Those species, on 
some sites, accounted for over 20% or even over 40% of the total catch. 
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INTRODUCTION 


The Drawa National Park (Drawieński Park Narodowy) is located in the Pomeranian Lake- 
land in NW Poland (Fig. 1). The park was established in 1990. It protects the most interest- 
ing ecosystems of the Polish Pomerania, which represent the most valuable — on the Euro- 
pean scale — fragments of outwash plains formed during the last glaciation (Vistulian). This 
landscape is mostly composed of numerous palaeochannels and kettle holes, occupied by 
13 lakes varying in depth and trophic state, and the largest of them is Lake Ostrowiec. The 
axis of the park is formed by the Drawa River (tributary of the Noteć) and its tributary 
Płociczna, forming picturesque gorges among kames (postglacial hills). 

The park includes over 11 300 ha, and 84% of the total are woodlands. The majority of 
them were farmlands 100 years ago. The forests are mainly pure stands of Scots pine (Pinus 
sylvestris), planted at that time. However, on steep banks of rivers and lakes, natural beech 
and oak forests are found. 
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This park was established relatively recently and that is why its terrestrial fauna has 
been poorly studied so far (BANASZAK et al. 2004). This applies also to bees, which have 
not been investigated in this area. 

The closest areas where pollinating insects are well-studied include the vicinity of the 
Noteć River valley, from Nakło to Bydgoszcz (TORKA 1913, 1933, BANASZAK 2008), as 
well as the Bory Tucholskie National Park (BANASZAK & WENDZONKA 2002) and the 
Zaborski Landscape Park (KRIGER % CIERZNIAK 2006). In the nearby town of Wałcz, 
bumblebees were recorded by PAWLIKOWSKI and PAJĄK (1995). 

For this reason, an urgent and useful task was to initiate research on species diversity, 
dominance structure, and phenology of bees (Apiformes), which are the subject of this 
study. 
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STUDY AREA AND METHODS 


The Drawa NP and its buffer zone are located on the Drawsko Plain, which is a part of 
the South Pomeranian Lakeland in NW Poland. It is situated at the centre of the extensive 
Drawsko Forest. The park lies within the catchment area of the Drawa River (200 km long), 
which together with its tributary, the Płociczna (51 km long), are the major rivers of the 
park (Figs 1, 2). Both rivers flow across the wide belt of outwash plains, formed by sands 
deposited at the terminus of the glacier by meltwater flowing down to the Thorn- 
Eberswalde Glacial Valley (also known as the Toruń-Eberswalde Proglacial Valley). The 
study area is characterized by a large number of lakes, and the largest of them is Lake Os- 
trowiec (69.9 ha). The environmental conditions are shaped by the Atlantic climate, charac- 
terized by low annual amplitudes of temperature, and the annual mean air temperature is 
7.9?C. 

The park is dominated by woodland, which accounts for 8446 of the park area. The for- 
ests are mostly pure stands of Scots pine (Pinus sylvestris). In river valleys and at lake 
edges, natural beech forests are still present, rarely also beech-oak forests and alder forests. 
Characteristic elements of the park's nature are also peatlands and isolated patches of 
meadows. 

Field research was conducted within the park in 2004-2005, from mid-April to late 
September. Twelve research plots were monitored (Fig. 1), each of them for one season. 
The material was collected by means of Moericke traps, mounted on short poles. On each 
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plot, three traps were placed, i.e. white bowls, filled with a mixture of water (95%), ethyl 
glycol (4.8%), and a surfactant (0.2%). Every 7 days or so, the caught insects were col- 
lected, preserved, and next identified to species. 

The Shannon diversity index H' (SHANNON & WEAVER 1963), and evenness index J’ 
(PIELOU 1977) were calculated. To assess the significance of differences in H' between bee 
communities of individual plots, the ¢ statistic was used (POOLE 1974). To estimate their 
similarity, the Sørensen index was calculated. Quantitative similarity of the studied com- 
munities was assessed on the basis of the Morisita-Horn index (HORN 1966). 


Characteristics of research plots (Fig. 1) 


Scarp (1) - steep slope near the Drawa, 30 m high, with the base eroded by the river. This 
site has a southern exposure, and thanks to this, xerothermic plant species occur there, 
e.g. Astragalus arenarius, Sedum reflexum, and Epipactis atrorubens. The area is 
wooded (oaks, beeches), with open sandy patches. Studied in 2004. 

Moczele (2) - meadow on a slope with eastern exposure, bordering on pine forest from the 
west and willow thickets from the east. Studied in 2004. 

Mostniki (3) - meadow on a slope with northeastern exposure, near the Drawa River (Fig. 
3). Surrounded by pine forest and flood-plain vegetation found along the river. Studied in 
2004. 

Ostrowiec (4) - a forest settlement of 2 ha, covered by a meadow, gardens, and an avenue 
of Norway maple trees (Acer platanoides). Studied in 2004. 

Cieszynka (5) - peaty meadow of 4-5 ha, surrounded by slopes that are 3-5 m high, over- 
grown by pine forest. Some sandy patches are dominated by xerothermic vegetation. 
Studied in 2004. 

Pecnik (6) - fresh coniferous forest Leucobryo-Pinetum, 60-70% of the herb layer covered 
by Vaccinium sp. Studied in 2004. 

Konotop (7) - old field, left fallow for 10-12 years, surrounded by forest (spruce, pine) (Fig. 
4). Studied in 2005. 

Radecin (8) - nature reserve (since 1923), located on the right bank of the Drawa. It is a 
very old forest, dominated by beech (Fagus sylvatica) with an admixture of sessile oak 
(Quercus petraea). It is one of the most valuable forest stands in Central Europe (Fig. 5). 
The beech trees are aged 350 years, while oaks, 450 years. The samples were collected at 
a distance of 50 m west of the reserve, in forest gaps. Studied in 2005. 

Czarne (9) - greatly transformed pine forest, about 80 years old, on a very fertile site. Stud- 
ied in 2005. 

Czarne Fen (10) - the potential plant community of this site is alder forest, but currently it is 
dominated by common reed (Phragmites communis), willow clumps, and planted pine 
stands of various age. The traps were mounted at the edges of peatland and forest, near 
willow clumps. Studied in 2005. 
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Piaseczno (11) - pine forest, with 90-100% of the herb layer covered by Vaccinium myrtil- 
lus, located 100 m away from Lake Piaseczno Duze. Potential site of acid oak forest 
Calamagrostio-Quercetum. Studied in 2005. 

Rogoźnica (12) - pine forest, about 80 years old, with a very low percentage cover of Va- 
ccinium. Studied in 2005. 
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Fig. 1. Map of the Drawa National Park and location of research plots: 1 — Scarp, 2 — Moczele, 3 — 
Mostniki, 4 — Ostrowiec, 5 — Cieszynka, 6 — Pecnik, 7 — Konotop, 8 — Radęcin, 9 — Czarne, 10 — 
Czarne Fen, 11 — Piaseczno, 12 — Rogoźnica. 
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Fig. 2. Drawa River. (Photo by K. POLANOWSKA). 


Fig. 3. Meadow — Mostniki. (Photo by A. NAWROCKA). 
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Fig. 5. Beech forest — Radecin. (Photo by A. NAWROCKA). 
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RESULTS 


Species diversity and dominance structure 


In total, 2884 bees (Apiformes) were caught in the Moericke traps. They belonged to 
118 species of 23 genera and 7 families. The complete lists of species, and numbers of 
specimens caught in individual habitats, are presented in Appendix 1. 

Most of the bees were members of the Apidae (mostly Bombus), accounting for 41.8% 
of the total catch, which were represented by 19 species, and Andrenidae, reaching 33.1% 
and represented by 30 species. The remaining bees were classified to the family Halictidae 
(4.8%, 31 species), Anthophoridae (5.1%, 18 species), Megachilidae (2.9%, 8 species), 
Colletidae (1.8%, 8 species), and Melittidae (0.4%, 4 species). 

The park is dominated by coniferous forest, so dominants and subdominants are Bom- 
bus and Andrena spp. The characteristic species of the park is Bombus lucorum (most 
abundant and constant), which accounted for 23.696 of the total catch. This bumblebee 
dominated on 8 of the 12 studied plots, while on the others it was a subdominant (Fig. 6). 

Subdominants included: Andrena lapponica (8.896 of the total catch), A. haemorrhoa 
(8.4%), and A. cineraria (3.5%). It is also noteworthy that Evylaeus calceatus accounted for 
a large proportion of the total catch (8.696). It was found on all sites, but dominated only on 
the old field in Konotop. This species is characteristic of open habitats. The most abundant 
bumblebees were Bombus pascuorum (3.7%) and B. pratorum (3.7%). 

There were 42 occasional species, represented by 1-2 individuals each, which ac- 
counted for 34.7% of the total catch. Most of them are more frequent or even common in 
other parts of the country, e.g. Lasioglossum leucozonium, L. xanthopus, Evylaeus pau- 
xillus, E. morio, E. sexstrigatus, E. villosulus, Megachile versicolor, and Bombus rude- 
rarius. 

The most interesting species from the point of view of zoogeography are shortly char- 
acterized below. 

Andrena lapponica - European species, recorded in Central and North Europe, and in 
mountains of South Europe. Associated with coniferous woodlands, reported from all parts 
of Poland but only in patches with Vaccinium. 

Andrena fulva - West European species. In Poland it reaches the eastern limit of its 
range. Associated with trees, especially with maple. During the flowering period of maple 
trees it is frequent in urban areas, where it sometimes forms large colonies. 

Andrena fuscipes - Central European species, typical inhabitant of forest edges. Nests 
on sandy sites and moors, as it often pollinates Calluna vulgaris, but also Jasione montana, 
Epilobium angustifolium and other plants (KOCOUREK 1966). 

Evylaeus fratellus - eusocial species, although in Central and North Europe the nesting 
females are solitary. In Poland more frequent in mountains and in the north. Typical of 
woodlands (coniferous and mixed), it pollinates flowers of Vaccinium and other plants 
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(PESENKO et. al 2000). Recorded also in the Bory Tucholskie National Park (BANASZAK 
&W ENDZONKA 2002). New localities: 

Pecnik: 23.04.2004 - 2? 9; 02.06.2004 - 39 9; 09.06.2004 - 19; 16.06.2004 - 299; 
11.08.2004 - 16; 07.09.2004 - 19; Cieszynka: 19.05.2004 - 29 9; Ostrowiec: 05.05.2004 - 
19. 

Evylaeus leucopus - Euro-Siberian species. In Europe, boreo-alpine. In Poland 
scattered. Reported also from the Bory Tucholskie National Park. New localities: 

Czarne: 24.05.2005 - 19; Ostrowiec: 12.05.2004 - 19. 

Evylaeus rufitarsis - a widespread forest species, but in Poland rare. New localities: 

Pecnik: 2.06.2004 - 20 9; 16.06.2004 - 19; Cieszynka: 19.05.2004 - 19; Piaseczno: 
19.04.2005 - 299; 31.05.2005 - 29 9; Radęcin: 2.08.2005 - 19; 26.07.2005 - 19; Scarp: 
19.05.2004 - 19; 29.07.2004 - 19. 

Lasioglossum quadrinotatum - widespread in the Western Palaearctic, but in Poland in- 
frequent, found only in the North. New localities: 

Pecnik: 22.07.2004 - 19; 11.08.2004 - 19; 18.08.2004 - 19; Ostrowiec: 16.05.2004 - 
19; Piaseczno: 28.06.2005 - 19; Radęcin: 24.05.2005 - 19; Rogoźnica: 28.06.2005 - 19. 

Lasioglossum lativentre — reported from all over Europe. In Poland widespread, al- 
though infrequent; few localities in Pomerania. New localities: 

Konotop: 16.06.2005 - 19; Czarne: 30.08.2005 - 19. 

Lasioglossum costulatum - widespread in the Western Palaearctic, mostly in its warmer 
parts. Reported from all parts of Poland but infrequent; few localities in northern Poland. 
New locality: 

Czarne Fen: 21.06.2005 - 19. 

Osmia inermis - Europe, North America. Reported from various parts of Poland, but 
mostly by earlier researchers. New localities: 

Moczele: 5.08.2004 - 19; Czarne Fen: 19.07.2005 - 19. 

Osmia uncinata — European species, reported from different parts of Poland, but rather 
rarely. Associated with woodlands. Reported also from the Bory Tucholskie National Park. 
New localities: 

Moczele: 5.05.2004 - 29 9; Cieszynka: 21.04.2004 - 19. 

Bombus cryptarum - found all over Europe but we know little about it. In Poland found 
recently (in the 1980's). Associated with woodlands. Its food plants include Vaccinium 
myrtillus and Calluna vulgaris. New localities: 

Czarne: 19.04.2005 - 19; Czarne Fen: 26.04.2005 - 19; Konotop: 19.04.2005 - 299; 
3.05.2005 - 19; Piaseczno: 19.04.2005 - 19; Radęcin: 19.04.2005 - 19. 

Bombus magnus - as in the case of B. cryptarum, recently classified as a separate spe- 
cies, it was earlier regarded as a variety of B. lucorum. Widespread in Europe and Asia to 
northern Mongolia and China. In Poland found as late as in the 1980's. Rare, its biology 
similar to that of B. lucorum. New localities: 

Pecnik: 29.07.2004 - 16; Scarp: 29.07.2004 - 14; Czarne Fen: 12.07.2005 - 19. 


BANASZAK J. et al: Bees of the Drawa National Park 143 


Bombus jonellus - boreo-alpine species, rare in lowlands. It colonizes colder and more 
humid sites. Inhabits mainly lowland and upland forest stands and their edges, moors, 
mountain and alluvial meadows, fens and bogs. It emerges in late March. Associated 
mainly with Vaccinium myrtillus, V. vitis-idaea, Rubus idaeus and Knautia. New locality: 

Konotop: 19.04.2005 - 29 9. 


Characteristics of bee communities in the studied habitats 


Table 1 shows the species diversity of bees on the 12 studied plots. In the park, 118 bee 
species were recorded, but on individual plots the numbers of bee species varied widely, 
from 14 to 65, so the respective diversity indices varied from 1.980 to 3.270. Significance 
of differences in Shannon index is presented in Table 2. 

Coniferous woodlands. On four coniferous plots (Pecnik, Rogoznica, Czarne, Piase- 
czno), 711 bees were caught, representing 52 species (43.8% of the total number of spe- 
cies), and accounting for 2446 of the total catch. On individual plots, numbers of bee spe- 
cies varied from 14 (Rogoźnica), 25 (Czarne), and 28 (Piaseczno) to 32 (Pecnik). The major 
species was Bombus lucorum (Czarne, Rogoźnica) or Andrena lapponica, while B. lucorum 
was subdominant (Pecnik, Piaseczno) (Figs 12, 15, 17, 18). 

Grasslands. On three plots (Moczele, Mostniki, Konotop) 1127 bees were caught 
(39.1%), belonging to 81 species (69.4%). Those sites were inhabited or visited by rela- 
tively high numbers of species: 48 (Moczele), 42 (Mostniki), and 65 (Konotop). Because of 
the immediate neighbourhood of forest, the dominant species were usually Bombus lu- 
corum (Mostniki, Moczele) and Andrena spp. In Konotop, the percentage of B. lucorum 
was slightly lower, while Evylaeus calceatus was dominant and Andrena haemorrhoa was 
subdominant (Figs 8, 9, 13). The plot at Ostrowiec proved to be quite different, highly 
variable — with meadows and gardens. The major species here were: Seladonia tumulorum 
(15.3%), Bombus lucorum (13.6%), Evylaeus calceatus (12.4%) and Osmia rufa (11.3%) 
(Fig. 10). 

On xerothermic grassland (Scarp), 42 species were found, with the dominant Bombus 
lucorum (3596). The high contributions of Andrena and Bombus are also due to the vicinity 
of forest (Fig. 7). 

The acid lowland beech forest (Radecin), with 39 bee species, was clearly dominated 
by bumblebees: Bombus lucorum (55%), and the subdominant B. terrestris (7%) and 
B. pascuorum (5.7%) (Fig. 14). 

A high species diversity was observed in the partly afforested fen (Czarne Fen), with 
45 bee species. Bombus lucorum was the dominant (36%), accompanied by much less 
abundant Andrena cineraria (8%), A. haemorrhoa (6.5%), and Bombus pratorum (4.6%) 
(Fig. 16). 

On peaty meadow (Cieszynka), 32 species were found, with the dominant Andrena lap- 
ponica (23%), and the subdominant Bombus lucorum (20%) and A. cineraria (10%) (Fig. 
11). 
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Fig. 9. Dominance structure of bees in Mostniki. 
Fig. 11. Dominance structure of bees in Cieszy- 


Fig. 7. Dominance structure of bees on the Scarp. 
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Fig. 12. Dominance structure of bees in Pecnik. Fig. 13. Dominance structure of bees in Ko- 
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Fig. 14. Dominance structure of bees in Radecin. Fig. 15. Dominance structure of bees in Czarne. 
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Fig. 16. Dominance structure of bees in Czarne Fig. 17. Dominance structure of bees in Piaseczno. 
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Fig. 18. Dominance structure of bees in Rogoznica. 


The majority of studied habitats, regardless of their type, are distinguished by the high 
dominance of Bombus lucorum (beside B. pascuorum and B. pratorum) as well as Andrena 
laponnica (beside several other Andrena spp., especially A. haemorrhoa or A. cineraria. 
The faunistic similarity, in extremely different habitats, is illustrated in Fig. 19 and 20. 
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Fig. 19. Faunistic similarity (quantitative) on the studied sites, based on the Morisita-Horn index. 


UPGMA 


Rogoznica 


Piaseczno 


Czarne 


Pecnik 


Ostrowiec 


Radécin 
Mostniki 


Moczele 


Konotop 


Czarne Fen 


Scarp 


Cieszynka 


07 op 
Sorensen's Coefficient 


Fig. 20. Faunistic similarity (quality) on the studied sites, based on the Sgrensen index. 
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Fig. 21. Dynamics of diversity of bees in the Drawa National Park. 
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Table 1. Comparision of number of specimens (N), species (S), species diveristy index (H^), and 


evennes index (J^) of bees in the Drawa National Park. 


Cieszynka 
Czarne 
Czarne Fen 
Konotop 
Moczele 
Mostniki 
Ostrowiec 
Pecnik 
Piaseczno 
Radecin 
Rogoźnica 
Scarp 
DPN 


N 153 | 84 | 262 | 678 | 200 | 248 | 177 | 358 | 208 | 238 61 216 | 2884 
S 32 25 46 67 50 43 44 33 28 39 14 42 121 
H' |2.678 | 2.428 | 2.770 | 3.016 | 3.270 | 2.977 | 3.032 | 2.154 | 2.470 | 2.074 | 1.980 | 2.675 | 3.275 
J |0.773|0.754 | 0.723 10.717 | 0.836 | 0.792 | 0.801 | 0.616 | 0.741 | 0.566 | 0.750 | 0.716 | 0.683 


Phenology of Apiformes 


The seasonal dynamics of all bees in the Drawa NP is presented in Fig. 21. It shows 
that variation in bee diversity is the highest from mid-April till mid-May, when 50-55 bee 
species can be found in the park. Since mid-May, species numbers decreased 2-fold and 
remained at this level usually till early August. Typical and most common early-spring and 
spring species include mostly andrenids: Andrena haemorrhoa, A. cineraria, A. lapponica, 
A. flavipes, A. fucata, A. fulva, A. grawida, A. fusicpes, A. helvola, A. nigroaenea, 
A. subopaca, and A. vaga. Also cleptoparasites of some of those species are noticeable, 
especially Nomada fucata, N. fulvicornis, N. moeschleri, N. panzeri, and N. ruficornis. In 
spring, also female bumblebees can be noticed easily, e.g. Bombus lucorum, B. pratorum, 
B. muscorum, and B. terrestris, as well as Osmia rufa. 

In summer, mostly halictid bees were caught, especially Seladonia tumulorum, 
Evylaeus calceatus, E. punctatissimus, Lasioglossum subfasciatum, and L. sexnotatum. 
Summer species include also Colletes spp. (especially C. succintus) and Hylaeus (especially 
H. communis). 

The general curve of bee abundance is affected mostly by the flowering of spring 
plants, especially in mid- and late April and in early May. Later on, bee abundance declines 
to 100 individuals per week or even less (Fig. 22). 

The dynamics of bee abundance is similar in most of the individual habitats, i.e. in co- 
niferous forests (Figs 23, 24) and on meadows (Figs 25, 26). A peculiar site is the fen, 
where bees are most abundant when willows are flowering, as they are the only available 
and rich source of bee forage, whereas later, i.e. since early May, only single specimens 
were observed there (Fig. 28). The dynamics of bee abundance is completely different on 
the slope covered by xerothermic grassland (Scarp), where bees were most numerous in late 
July and early August (Fig. 29). Several peaks of bee abundance were recorded near the 
buildings at Ostrowiec (gardens, meadow) (Fig. 27) - dependent on many forage plant spe- 
cies, flowering in various periods. 
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Table 2. Comparision of significance of differences of the Shannon diversity idex (H^); ns - p>0,05; 


* - p«0,05; ** - p«0,01; *** - p«0,001. 
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Fig. 22. Dynamics of bee abundance in the 


Drawa National Park. 


Fig. 23. Dynamics of bee abundance in fresh coni- 


ferous forests (Pecnik, Rogoźnica). 
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vicinity of farm buildings (Ostrowiec). 
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DISCUSSION 


This study enabled compilation of the first list of Apiformes of the Drawa NP. Appen- 
dix 1 includes 118 species, which account for 25.5% of the Polish bee fauna. Our results 
can be compared with data from other parks dominated by woodlands (especially pine 
forests) in the Polish lowland. To date, 101 bee species were recorded in the Bory Tuchol- 
skie NP, 226 in the Wielkopolska NP, and 191 in the Wigry NP (Table 3). The number 
reported here certainly is not the true number of bee species in the Drawa NP, but still - for 
example - it is comparable with that recorded in coniferous woodlands of the Bory Tuchol- 
skie NP. Further investigations, especially searching for bees on flowers and in their 
favourite nesting sites, will certainly extend the list of species presented here. 


Table 3. Comparison of numbers of bee species recorded in selected lowland national parks in 
Poland. 


Forest 96 of 
National Park a area > Polish Reference 
(%) P fauna 
Drawa NP 11342 82 121 25.5 
Bory Tucholskie NP 4798 79 101 21.1 BANASZAK & WENDZONKA 2002 
Wigry NP 15085 62.7 191 40.7 EE & KRZYSZTORIAK 
BANASZAK 1987 
Wielkopolska NP 7620 58.3 226 48.2 BANASZAK & CIERZNIAK 1994 
CIERZNIAK 2003 
Kampinos NP 38544 75 180 38.2 BANASZAK & PLEWKA 1981 


Because of the predominance of forests (82%) the major bee species in the Drawa NP 
is Bombus lucorum (23.696), often accompanied by B. protorum, B. pascuorum (3.796 in 
total), and Andrena spp., mainly A. lapponica (8.896), A. haemorrhoa (8.496), and A. ciner- 
aria (3.5%). Bombus lucorum or Andrena lapponica dominated also on most of the indi- 
vidual plots. On some sites, B. lucorum exceeded 50% of the total catch, e.g. in the beech 
forest (Radecin - 55%), while A. lapponica in coniferous forests exceeded 20%, or even 
40%, e.g. in fresh pine forest Leucobrio-Pinetum (Pecnik - 42.7%). A similar situation was 
observed in the Bory Tucholskie National Park, where Andrena lapponica was the major 
species, accompanied by B. lucorum (BANASZAK & WENDZONKA 2002). 

This study shows that the majority of bee species and individuals in the Drawa NP ap- 
pear in early spring (April) and spring (May), i.e. when most of bee forage plants are flow- 
ering, mostly willows on wet sites and Vaccinium spp. (V. myrtillus or V. vitis-idea) in 
coniferous forests. A similar situation was observed in the Bory Tucholskie National Park 
(BANASZAK & WENDZONKA 2002). Andrena lapponica has also recently been classified as 
the most important species among the Aculeata studied in birch stands (KULA & TYRNER 
2003) and spruce stands of Northern Bohemia (KULA & TYRNER 2003a). 
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